Introduction
and discussed by Al-Shehbaz (1988) . The Berlin Code (Greuter et al. 1988 ) did just that.
Generic limits of Arabidopsis
The generic limits of Arabidopsis were expanded considerably by Busch (1909) , and the five species he recognized in the genus (A. thaliana, A. pumila, A. toxophylla, A. verna, A. huetii) are currently placed in five different genera see the list of species excluded from Arabidopsis). Schulz (1924) accepted the first three species of Busch in Arabidopsis, but he expanded the limits of the genus further and added eight other species, of which one (A. parvula) was transferred by Al-Shehbaz and O'Kane (1995) to Thellungiella and the remaining seven to Crucihimalaya . Many other authors transferred to Arabidopsis dozens of species that were previously placed in the genera Arabis, Braya, Cardaminopsis, Cymatocarpus, Halimolobos, Microsisymbrium, Nasturtiopsis, Neotorularia, or Torularia. As pointed out by Al-Shehbaz (1988) , the limits of Arabidopsis became highly artificial because of the transfer of many species (with linear fruits and branched trichomes) that did not fit appropriately in other genera. As a result, Arabidopsis became so heterogeneous morphologically (see for example, the accounts of Jafri, 1973; Ball, 1993) that it became almost impossible to delimit it.
The artificially delimited boundaries of Arabidopsis are reflected by numerous other cases in the mustard family (Brassicaceae). We believe that principal reasons for such artificiality is the heavy reliance by taxonomists on a few fruit and seed characters that show high convergence, and their placement of much less value on aspects of flowers, trichomes, and vegetative characters.
In fact, convergence in the family is so common in almost every morphological character that superficially very similar genera might prove to be unrelated or remotely related. Because fruit and seed morphology has traditionally been used in taxonomy of the Brassicaceae, the problem becomes more acute among the numerous genera with apparently similar linear fruits and branched trichomes.
The pioneering molecular work on the genus and its presumed relatives (Price et al., 1994) stimulated subsequent studies on the taxonomy and phylogeny of the genus. Initial taxonomic attempts by Al-Shehbaz (1994) and O'Kane (1995, 1997) to exclude some of the anomalous species from Arabidopsis have paved the way for thorough morphological studies that led to the recognition of only nine species in this genus (O'Kane and Al- and to the exclusion of the remaining species to several other genera . The latter two taxonomic studies went in parallel with extensive molecular phylogeny (O'Kane and Al-Shehbaz, in press) on the genus and almost all the species previously assigned to it. Subsequent molecular studies (e.g., Koch et al., 1999 Koch et al., , 2000 provided full support to the taxonomic conclusions reached by O'Kane and AlShehbaz (1997) and .
Distinguishing characters
The genus Arabidopsis can be distinguished from the related genera (see also the key below) by the presence of short petiolate but never auriculate or amplexicaul stem leaves, an indumentum of simple trichomes mixed with few-forked but never stellate ones, usually welldefined basal rosettes, white to lavender or rarely purple but never yellow flowers, at least slightly torulose, glabrous, compressed or rarely terete fruits with a distinct midvein, uniseriate, wingless or rarely winged seeds, and accumbent or rarely incumbent cotyledons. Arabidopsis can easily be confused with several genera, and the following key should readily separate the genus from those that currently house species previously placed in Arabidopsis.
Cytology
This section includes a summary of the chromosome counts made thus far on the species presently assigned to Arabidopsis. Matters relating to meiotic irregularities can easily be obtained by consulting the references cited in Table 1 , and the space herein does not permit full coverage of that and the meiosis in artificial interspecific hybrids.
Haploid chromosome numbers n = 5, 8, 13, and 16 have been reported in the genus (Table 1 ). Only Arabidopsis thaliana is known to have n=5. The count n=13 characterizes A. suecica, an amphidiploid species originated through hybridization between A. thaliana and A. arenosa. Diploid and tetraploid counts based on x=8 are known in A. neglecta and the various subspecies of A. lyrata and A. arenosa. All three subspecies of A. halleri show 2n=16, but additional counts are needed, especially from populations in eastern Asia. The remaining species of Arabidopsis, A. cebennensis, A. croatica, and A. pedemontana, have not yet been investigated cytologically. Counts deviating from the norm (see Table 1) probably represent rare aberrations. Only the normal diploid counts are listed under each species.
Taxonomy
The present formal taxonomic account of Arabidopsis includes full descriptions of the genus and all of its nine species and eight subspecies, keys to all taxa, distributions, and habitats. It also includes a list of the species previously included in Arabidopsis but currently assigned to other genera, with full citations of the original publications of those species and their current assignments. Number of species and distribution: nine species distributed primarily in Europe, with two extending into northern and eastern Asia and one into northern North America. Arabidopsis thaliana is naturalized throughout the world. The distribution of the European taxa follows closely the account of Jalas & Suominen (1994) , that of North American taxa follows Hopkins (1937) and Rollins (1941 Rollins ( , 1993 , and that of Asian taxa follows Berkutenko (1988) , Busch (1939), and Tolmachew (1975) . Annual herbs (2-)5-30(-60) cm tall. Stems erect, 1 to many from the base, simple or branched above, basally pilose with predominantly simple trichomes, apically glabrous. Basal leaves shortly petiolate, rosulate; leaf blade obovate, spatulate, ovate, or elliptic, 0.8-3.5(-4.5) × (0.1-)0.2-1(-1.5) cm, adaxially with predominantly simple and stalked 1-forked trichomes, margin entire, repand, serrulate, or dentate, apex obtuse. Stem leaves subsessile or sessile, usually few; blade lanceolate, linear, oblong, or elliptic, middle ones (0.4-)0.6-1.8(-2.5) × 0.1-0.6(-1) cm, margin entire or rarely sparsely dentate, apex acute to obtuse. Fruiting pedicels slender, divaricate, straight, 3-10(-15) mm long. Sepals 1-2(-2.5) mm long, glabrous or distally sparsely pubescent with simple trichomes, lateral pair not saccate. Petals white, spatulate, 2-3.5(-4) × 0.5-1.5 mm, apex obtuse, base attenuate to a short claw. Filaments white, 1.5-2 mm long. Ovules 40-70 per ovary. Siliques linear, terete, smooth, (0.8-)1-1.5(-2) cm × 0.5-0.8 mm; valves with a distinct midvein; style to 0.5 mm long. Löve, 1961) .
Arabidopsis
Annual herbs (5-)10-45(-60) cm tall. Stems erect, 1-5(-8) from the base, usually branched above, basally pilose with simple trichomes to 1 mm long, apically glabrous. Basal leaves rosulate; petiole (0.3-)0.6-2(-2.8) cm long, ciliate; leaf blade obovate to oblanceolate, (0.3-)0.7-3(-4) × (0.1-)0.2-1.4(-1.7) cm, sparsely to densely pubescent with simple and short-stalked forked trichomes, rarely subglabrous, margin lyrate to pinnatifid on each side with 3-6 lateral lobes much smaller than terminal one, rarely dentate, apex obtuse to subacute. Stem leaves 3-8, short petiolate or uppermost sessile; blade lanceolate, oblong, or linear, middle ones (0.3-)1-2.5(-4) × 0.1-0.8(-1.3) cm, margin dentate on lower leaves, entire on upper ones, apex acute to obtuse. Fruiting pedicels slender, divaricate, straight, 5-10(-15) mm long. Sepals 1.5-2.2(-2.5) mm long, glabrous or distally sparsely pilose with simple trichomes, lateral pair saccate. Petals white to lavender, spatulate, 4-5(-6) × 1.5-2.5 mm, apex obtuse or truncate, base attenuate to a short claw. Filaments white, 2.5-4 mm long. Ovules 40-70 per ovary. Siliques linear, subterete to slightly compressed, smooth to slightly torulose, (2-)2.5-3.5(-4.5) cm × 0.5-0.8 mm; valves with a distinct or obscure midvein; style to 0.5 mm long; gynophore to 0.5 mm long. Seeds oblong, slightly compressed, light to reddish brown, 0.5-0.8 mm long; cotyledons obliquely incumbent. Flowering and fruiting May-July. 2n = 26. Distribution: Fennoscandinavia and the Baltic region but perhaps native only in Finland, adventive in adjacent northwestern Russia, Estonia, northeastern Denmark, Sweden, Norway, and north Germany (see Jalas & Suominen, 1994) .
Habitats: fields, roadsides, slopes, moist forest margins, grassy areas; near sea level to 600 m.
Arabidopsis suecica is an amphidiploid produced since the last glacial maximum from the hybridization of A. thaliana and diploid A. arenosa Hurka, 1994, 1995; , and references therein). Biennial or short-lived perennial with a caudex, (5-)8-80(-100) cm tall. Stems erect, simple or with few to many branches from the base, usually branched above, basally pilose to subhirsute with simple trichomes to 1 mm long, apically glabrous. Basal leaves rosulate; petiole (0.3-)0.7-2(-3) cm long, pilose; leaf blade obovate to oblanceolate, 1-4.5(-6.5) × 0.5-1.3(-1.7) cm, sparsely to densely pubescent with simple and short-stalked forked trichomes, margin pinnatifid to lyrate-pinnatifid and with 3-11 lateral lobes on each side, rarely dentate, apex obtuse to subacute; terminal lobe considerably larger or nearly as large as adjacent lateral lobes. Stem leaves 3-10, short petiolate or uppermost sessile; blade lanceolate to narrowly oblong, middle ones 1-4 (-5) × 0.3-1.5 cm, margin pinnatifid to dentate on lower leaves, dentate or entire on uppermost ones, apex acute to obtuse. Fruiting pedicels slender, divaricate, straight, 4-10(-15) mm long. Sepals 2.2-3 mm long, glabrous or distally sparsely pilose with simple trichomes, lateral pair saccate. Petals white to lavender, obovate, 5-8 × 2.5-4 mm, apex obtuse or truncate, base attenuate to a short claw often apically with a pair of minute teeth. Filaments white, 3-4 mm long. Ovules 28-74 per ovary. Siliques linear, distinctly compressed, smooth to slightly torulose, (1-)2-4(-5) cm × (0.8-)1-1.5 mm; valves with a distinct midvein; style to 0.5 mm long; gynophore to 0.5 mm long. Seeds oblong, compressed, light to reddish brown, (0.6-)0. Unlike the many other segregates of Arabidopsis arenosa, subsp. borbasii is a well-defined taxon that can be consistently distinguished from subsp. arenosa (see key). Subspecies borbasii has variously been split into poorly defined races, but none of those merits recognition. Zapalowicz (1912) indicated that interspecific hybridization between Arabidopsis (as Arabis) arenosa subsp. borbasii and A. halleri occurs in Tatra mountains (Poland). Perennial herbs, with a distinct caudex, 5-15(-20) cm tall. Stems erect, simple or few branched, glabrous. Basal leaves rosulate; petiole to 2 cm long; leaf blade obovate to oblanceolate, 0.5-2 × 0.3-1 cm, fleshy, glabrous or sparsely pubescent with simple and fewer, short-stalked forked trichomes, margin subentire to lyrate-pinnatifid with up to 4 teeth or small lateral lobes on each side. Stem leaves 3-6, attenuate to a short petiole; blade ovate to oblanceolate, usually glabrous, entire or basally minutely 2-toothed. Fruiting pedicels slender, recurved or reflexed, 8-12 mm long. Sepals 2.5-3.5 mm long, glabrous or distally sparsely pilose with simple trichomes, lateral pair saccate. Petals purple, 5-6 × 2-3 mm, apex obtuse, base attenuate to a short claw. Filaments lavender, 3-4.5 mm long. Ovules ca. 30 per ovary. Siliques linear, distinctly compressed, smooth to slightly torulose, (1-)1.5-2.5(-3) cm × 1.2-1.8 mm; valves with a distinct midvein or obscurely veined; style to 1 mm long, slender. Seeds oblong, compressed, light brown, 1-1.2 mm long, wingless; cotyledons accumbent. Flowering and fruiting May-July. 2n=16, 32. Distribution: Carpathian Mountains (Poland, Romania, Slovakia, and adjacent Ukraine). Habitats: mountain slopes, forest margins; 1200-2660 m. Perennial herbs, with a distinct caudex, 8-18(-20) cm tall. Stems erect, divaricately branched, flexuous, glabrous. Basal leaves rosulate; petiole to 3 cm long; leaf blade obovate, 0.5-2 × 0.4-1.5 cm, glaucous, fleshy, glabrous or sparsely pubescent with simple and fewer, short-stalked forked trichomes, margin entire to denticulate, rarely lyrate-pinnatifid. Stem leaves similar to basal ones, sometimes larger. Fruiting pedicels slender, horizontal or reflexed, 7-10 mm long. Sepals 2.5-3.5 mm long, glabrous or distally sparsely pilose with simple trichomes, lateral pair saccate. Petals lavender to purplish, 4-6 × 2-2.5 mm, apex obtuse, base attenuate to a short claw. Filaments lavender, 2.5-3.5 mm long. Ovules ca. 50 per ovary. Siliques linear, compressed, smooth to slightly torulose, 1.8-5 cm × 0.9-1.1 mm; valves obscurely veined; style to 1 mm long, slender. Seeds oblong, compressed, light brown, ca. 1 mm long, wingless; cotyledons accumbent. Flowering and fruiting May-July. Distribution: Bosnia, Croatia.
Arabidopsis neglecta

Arabidopsis croatica
Habitats: Rocky areas, crevices.
Arabidopsis croatica is morphologically very close to and might represent a subspecies of the earlier published A. arenosa. Only a limited material was available for our study, and more collections are needed to understand the variation within the species. No chromosome counts have been made thus far. Perennial herbs (25-)40-80 cm tall. Stems erect, simple at base, branched above, pilose with simple trichomes mixed with stalked forked ones. Basal leaves rosulate; petiole (1-)1.5-4 cm long; leaf blade ovate to ovatelanceolate, 2-7 × 1.5-4.5 cm, sparsely to densely pubescent with stalked, forked or 3-rayed trichomes, base cuneate, margin coarsely and irregularly few toothed, apex acute. Stem leaves 7-15, similar to basal leaves, becoming smaller, short petiolate, and basally attenuate upward. Fruiting pedicels divaricate, slender, 6-12(-15) mm long. Sepals oblong, 2.5-3.5 mm long, lateral pair saccate. Petals deep purple, lavender, or very rarely white, obovate, 7-10 × 2.5-4 mm, slightly spreading. Filaments usually lavender, 3-4.5 mm long. Ovules 30-44 per ovary. Fruit linear, (2-)2.5-4.5(-5) cm × 1-1.5 mm, strongly compressed, torulose; valves with a distinct midvein; gynophore to 1 mm long; styles slender, 0. Perennial herbs 10-30 cm tall. Stems erect, simple or branched above, glabrous or subglabrous. Basal leaves rosulate; petiole (1.5-)2.5-6(-7) cm long; leaf blade orbicular to broadly ovate-cordate, (1.5-)2-5 × (2-)2.5-5.5 cm, glabrous or very rarely sparsely pubescent with simple and stalked forked trichomes, base truncate to cordate, margin coarsely and irregularly few toothed or entire, apex obtuse to subacute. Stem leaves 3-6, smaller than basal ones, petiolate, broadly ovate or uppermost subsessile and lanceolate, gradually reduced in size upward, base cuneate, margin coarsely dentate, apex acute. Fruiting pedicels divaricate to ascending, slender, 7-12(-15) mm long. Sepals oblong, 2.5-3.5 mm long, lateral pair saccate. Petals white, obovate, 6-7 × 2-3.5 mm. Filaments white, 2.5-4 mm long. Ovules 20-30 per ovary. Fruit linear, 1.5-3 cm × 1-1.5 mm, strongly compressed, slightly torulose; valves with a distinct midvein; gynophore to 0.5 mm long; styles slender, to mm long. Seeds reddish brown, compressed, 0.9-1.4 mm long, broadly winged at least distally; cotyledons accumbent. Flowering and fruiting June-August. Distribution: northwestern Italy and, presumably extinct, in adjacent SW Switzerland. Habitats: mountain slopes, forest margins.
Arabidopsis cebennensis
Arabidopsis pedemontana is morphologically similar to
A. cebennensis except for being smaller (10-30 cm instead of (25-)40-80 cm) and glabrous or subglabrous instead of sparsely to densely pubescent. It has not yet been studied for chromosome numbers, and little is known about its morphological variation. Herbs biennial or perennial with a caudex and stolons, (5-)10-30(-45) cm tall. Stems erect or decumbent, 1 to numerous from base, usually branched and straight or flexuous above, basally pilose or subhirsute with simple and forked trichomes, apically glabrous. Basal leaves rosulate; petiole 0.4-2(-6) cm long; leaf blade oblanceolate or ovate, (0.5-)1-3(-8) × (0.3-)0.5-1.5 cm, adaxially with a mixture of simple and stalked, 1-forked trichomes, rarely glabrous, margin entire, dentate, lyrate, or pinnatifid with 1-3 lateral lobes on each side, apex obtuse. Stem leaves shortly petiolate and uppermost often sessile, several; blade of middle ones oblanceolate, (0.5-)1-3.5(-5.5) × (0.1-)0.2-0.7(-1.3) cm, entire, repand, or obscurely toothed, rarely lower ones lobed, gradually reduced in size upward. Fruiting pedicels slender, ascending to divaricate, straight, (0.4-)0.7-1.2(-1.5) cm long. Sepals 2-3 mm long, glabrous or densely pubescent, lateral pair saccate. Petals white, rarely lavender or purplish, spatulate or obovate, 4-8(-9) × 1.5-3(-3.5) mm. Filaments white, 2-3 mm long. Ovules 20-36 per ovary. Siliques linear, flattened, torulose, (1-)2-4.5(-6) cm × 0.5-1.5 mm; valves with a distinct midvein extending full length; gynophore to 0.5 mm long; style obsolete or to 1 mm long. Seeds oblong, flattened, light brown, 0.8-1.2 mm long, wingless, sometimes distally margined; cotyledons accumbent. Flowering and fruiting March-October. 2n =16, 32.
Arabidopsis lyrata is a circumboreal species divided here into three subspecies that can distinguished with some difficulty, especially in areas where their distribution ranges overlap. Busch (1939) and Mulligan (1995) Perennial herbs, with stout, often several-branched caudex, rarely also stoloniferous. Basal leaves entire or dentate, rarely lyrate-dentate; petioles glabrous or pilose to subhirsute, often ciliate. Petals 4-7(-9) mm long. Fruits 1-1.5(-2) mm wide; styles slender to stout, to 0.6 mm long, slightly longer than broad. 2n=16, 32. Distribution: Austria, Czech Republic, England, Germany, Hungary, Iceland, Ireland, N. Italy, Norway, Russia (NW Russia, Siberia and Far East), Scotland, Sweden, Ukraine, boreal North America (Alaska and Yukon). Apparently extinct in Poland. Habitats: Rocky and gravelly ground, sandy creek beds or banks, tundra slopes, tundra tussocks, sand dunes; near sea level to 2000 m.
Beginning in central Siberia, the taxon is increasingly similar to subspecies kamchatica, and many collections can only doubtfully be assigned to one or the other taxon. North American plants of subsp. petraea have been placed in Arabis media by Mulligan (1995 Perennial herbs, with slender or rarely branched caudex. Basal leaves lyrate-pinnatifid; petioles glabrous or rarely very sparsely pilose; lateral lobes 1-5 on each side, entire of few toothed; terminal lobe considerably larger than lateral lobes. Petals 4-5(-5.5) mm long. Fruits (1-)1.2-1.5 mm wide; styles obsolete or distinct, stout, rarely to 0.5 mm long, distinctly wider than long. 2n= 32. Distribution: boreal Alaska, Canada (Yukon, Mackenzie District, British Columbia, northern Saskatchewan), Aleutian Islands, eastern Siberia, the Russian Far East, Korea, northern China, Japan, and Taiwan. Habitats: gravelly slopes, forests, alpine regions, roadsides, flooded areas; near sea level to 3500 m.
In the Russian Far East, subsp. kamchatica tends to grow closer to the sea than does subsp. petraea, which is a more continental taxon. Plants of subsp. kamchatica growing in sandy, ocean-side localities tend to have massive leaves and seem indistinguishable from those described as Arabis kawasakiana of Japan. Mulligan (1995) treated subsp. kamchatica as a species of Arabis, whereas Rollins (1993) treated it as a variety of Arabis lyrata. Stems decumbent, few from base, simple or branched above, basally with simple and 1-forked trichomes, apically glabrous. Basal leaves rosulate; petiole (5-)1-2.5(-5) cm long; leaf blade orbicular to broadly ovate, (1-)2-4.5(-9) × (0.5-)1-1.5(-2.5) cm, adaxially with a mixture of simple and stalked, 1-or 2-forked trichomes, margin pinnatifid to lyrate-pinnatifid and with (1 or)2-4(-7) suborbicular lateral lobes on each side; terminal lobe suborbicular, much larger than lateral ones, sometimes coarsely dentate, rarely entire or repand, apex obtuse. Stem leaves shortly petiolate, several; blade of middle and lower ones ovate to oblong or lanceolate, (0.5-)1-2.5(-8) × (0.2-)0.5-1.5(-3) cm, coarsely toothed or rarely lobed, gradually reduced in size upward. Fruiting pedicels slender, divaricate or slightly reflexed, straight, (0.5-)0.8-1.3(-2) cm long. Sepals 1.5-2 mm long, glabrous or apically with few simple trichomes, lateral pair saccate. Petals white, lilac, or purplish, obovate, 4-5(-6.5) × 2-2.5(-3.5) mm. Filaments white, 2-2.5 mm long. Ovules 14-18 per ovary. Siliques linear, flattened, torulose, (0.9-)1-2(-2.5) cm × 0.6-1 mm; replum constricted between seeds; valves not veined or with an obscure midvein; gynophore slender, to 0.7 mm long; style slender, to 1 mm long. Seeds oblong, flattened, light brown, 0. 
Arabidopsis halleri
Generic placement of species excluded from Arabidopsis
The following species previously placed in Arabidopsis (italics) are currently considered as synonyms of those in boldface. A. bactriana Ovczinnikov & Junussov, Fl. Tadzhitskoi SSR 5: 626. 1978 . No material has been seen, but according to the original description, the species cannot be assigned to Arabidopsis because it is pulvinate, scapose perennial with cylindric fruits, subbiseriate seeds, and leafless stems. A. brevicaulis (Jafri) Jafri, Fl. W. Pakistan 55: 272. 1973 
Molecular phylogeny
Molecular studies on the nine species presently recognized in Arabidopsis and most of the 50 species previously assigned to the genus (O'Kane and Al-Shehbaz, 2001; Koch et al., 1999 Koch et al., , 2000 Koch et al., , 2001 Price et al. 1994) show beyond doubt that previous delimitation of the genus and the alleged phylogenetic relationships and tribal classifications (Schulz, 1924 (Schulz, , 1936 are untenable. The artificiality of the tribal classifications of the family and the polyphyly of most tribes have been pointed out by many workers (e.g., Price et al., 1994; Koch et al., 2001 ) and need not be repeated here.
Arabidopsis forms a well-defined, monophyletic clade somewhat closely related to the recently segregated genus Olimarabidopsis (O'Kane and Al-Shehbaz, 2001; Price et al., 1994; Koch et al., 2001) . The latter genus consists of three species distributed in Eurasia but mainly in central and southwestern Asia . Depending on the taxa studied, the various molecular phylogenies proposed thus far (Price et al., 1994; Koch, 1999 Koch, , 2000 Koch, , 2001 O'Kane and Al-Shehbaz, 2001) show different topologies and relationships between Arabidopsis and other genera, including Crucihimalaya, Pseudoarabidopsis, Capsella, Camelina, and Arabis sensu lato. However, the lack of comprehensive phylogenetic studies on the entire family makes it difficult to point out definitively what the nearest relatives of Arabidopsis really are. Because Arabidopsis is most highly diversified in Europe, it would be highly desirable to concentrate on the taxa there that share the same morphological and cytological aspects, especially those with base chromosome numbers of x=8, branched trichomes, and linear fruits. Species of the European Arabis sensu lato and Olimarabidopsis are good candidates to concentrate on. It should be kept in mind, however, that the molecular studies cited above clearly demonstrated the polyphyly of Arabis, and that concentrated efforts should be made to establish a monophyletic genus by assigning unrelated species to other, possibly new, genera. In fact, such attempts (Koch et al., 1999; Price et al., 2001 ) have already been made.
Molecular studies Hurka, 1994, 1995; within Arabidopsis have demonstrated that A. sucecica (2n=26) is an allopolyploid formed by hybridization between the maternal parent A. thaliana (2n=10) and a diploid paternal parent not very different from A. arenosa or A. neglecta (2n=16). More recent work indicates that A. arenosa is in fact is the maternal parent (O'Kane, unpub. data) as indicated in Fig. 1 . For taxonomic and experimental studies related to the origin of A. suecica, the interested reader should consult the Detailed molecular studies of the taxa of Arabidopsis, summarized in Fig. 1 , based on DNA sequences of the internal transcribed spacers of nuclear ribosomal DNA (O'Kane and Al-Shehbaz, 2001) show that A. lyrata (and its subspecies) form a well supported clade in a sister group relationship to A. croatica.
Arabidopsis lyrata is circumboreal with relict populations of subsp. kamchatica occurring at high elevations in Taiwan. Its presence on Taiwan is likely a consequence of southward range expansion during the last major glaciation when a land bridge was formed with mainland Asia (Voris, 2000) .
Arabidopsis halleri subsp. ovirensis is an alpine plant of the southeastern Alps, the Carpathians, and the northern Balkan Peninsula. From this subspecies evolved the lowland, stolon-producing subspecies halleri, which is distributed in central Europe and northern Asia. The species is represented in the eastern Asia (Russian Far East, eastern China, Korea, Japan, and Taiwan) by subsp. gemmifera. The latter evolved from subsp. halleri, and its migration into Taiwan apparently followed the same pattern as that of A. lyrata subsp. kamchatica.
Arabidopsis arenosa and A. neglecta together form a monophyletic group, but each of these species is paraphyletic with respect to the other in one or more molecular analyses. One-step statistical parsimony analysis (Templeton et al., 1992) , however, indicates that the alpine A. neglecta is directly ancestral to A. arenosa, a species with weedy tendencies that grows at elevations below the alpine. These two species must have diverged so recently that paraphyly in the nrDNA ITS gene tree is still seen, i.e., not enough time has elapsed for drift and fixation to convert the lineage from paraphyletic to monophyletic (Rieseberg and Brouillet, 1994 ). It appears that evolutionary innovation in these two species, as in the subspecies of A. halleri, progressed from high to low elevations. As shown in Fig. 1 , the broad-leaved A. cebennensis is basal to the clade including the rest of the species of the genus excluding A. thaliana. (Arabidopsis pedemontana was not included in the molecular analyses for lack of adequate material.)
